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operation for a 
wherein a plurality 
of a multid imensional 
hexagonal aysTatttnenaitlngement throughout the 
multi-dimensional space, whereby the worst-case 
distance between any arbitrary point within the 
space and the nearest sample point in the palette is 
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minimized for a specified number oi sample points, 
in a preferred embodiment the sample points are 
colour sample points in a colour palette and the 
mutti dimensional space is colour space. A display 
device is provided for generating rows and columns 
of picture elements, each picture element having a 
seleoted colour from the colour palette associated 
therewith. 
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The present invention relates to a data pro- 
cessing system wherein a multi-dimensiona! space 
Is represented by a plurality of sample points with- 
in the multi-dimensional space. 

The invention finds particular, though not exclu- 
sive, application to the field of display systems for 
displaying colour imagegjvheiejt. provides-a^nore 
effi cient ^utiirsation^rcoiour sample points for a^ 
colour palette. 

uolour image display systems are well known 
in the prior art. Such systems generally utilise a 
display device, such as a colour monitor, for gen* 
erating an image comprised of rows and columns 
of picture elements, each picture element having a 
selected colour associated therewith. The selected 
colour associated with each picture element is gen- 
erally selected from a set of colours which is 
stored in a so-called colour palette. A colour palette 
is a set of colours from a three dimensional colour 
space which is generally uniformly representative 
of that colour space. 

One manner in which a plurality of colours may 
be stored within a colour palette is well known in 
the art Each selected colour from the three-dimen- 
sional universe of colours is represented by a sam- 
ple point within the colour palette. These sample 
.✓•points are distributed, ' in prior art colour image 
/ display systerr^ip^un^ within a cubic 

/ Cartesian grid Error^diffusion may then be utilised 
/ to create any\olour whicfj^ts between two such 
I sample points bymixingl 

Thus, it is apparent that the more sample 
points which are located within a colour palette the 
more accurate will be the colour images which may 
be produced by the colour image display system 
associated with that colour palette. This is true due 
to the fact that when more colour sample points are 
included within the colour palette the maximum 
distance between any desired colour in an image 
picked from the universe of all possible colours to 
the nearest sample point in the palette is lessened. 

Thus in the prior art the only way of improving 
the accuracy of the colour images has been to 
increase the number of sample points in order to 
reduce the worst-case distance between any ar- 
bitrary point within the image and the nearest sam- 
ple point in the colour palette. 

The problem of accurate representation . of a 
sampled multi-dimensional space is however not 
limited to the field ' of display systems. It also 
occurs in areas other than image generation, such 
as three-dimensional models of thermal conditions 
or stress conditions where the worst-case distance 
between an arbitrary point in a three-dimensional 
space and the nearest sample point needs to be 
minimized utilising a specified number of sample 
points. 

Therefore, in accordance with the present in- 



vention there is provided a data processing system 
comprising means for representing a sampled 
multi-dimensional space at a plurality of sample 
points within the mufti-dimensional space charac* 
5 terised in that the sample points are disposed in a 
hexagonal crystalline arrangement, whereby the 
worst-case distance between an arbitrary point 
within the multi-dimensional space and the closest 
sample point is minimised for a selected number of 

io sample points. It is therefore an object of the 
present invention to provide a data processing sys- 
tem wherein sample points, representative of a 
multi- dimensional spac e, are dispose d within the 
multi-dimensional space in such a manner so as to 

75 reduce The maximum distance between any ar- 
bitrary point within the space and the nearest sam- 
ple point for a given number~ofsample points. 

In a preferred form of the invention the multi- 
dimensional space has multiple axes and bound- 

20 aries defining a volume and the data processing 
system comprises means for distributing the sam- 
ple points within the volume for a predetermined 
worst-case distance between any arbitrary point- 
within the multi-dimensional space and the closest 

25 sample point, the means for distributing comprising 
means for selecting an axis in the multi-dimen- 
sional space, means for defining a surface which is 
normal to the selected axis, means for calculating 
coordinate data for sample points on the surface 

30 subject to the constraints that each sample point 
lies within the boundaries and that no 2 sample 
points lie closer together than a minimum distance, 
the minimum distance being functionally dependant 
on the predetermined worst-case distance, means 

35 for determining when no further points satisfying 
the constraints may be found on the surface, 
means for altering the position of the defined sur- 
face incrementally. 

In a preferred form of the invention the multi- 

40 dimensional space is a multi-dimensional colour 
space and the sample points are colour sample 
points in a colour palette. The data processing 
system can therefore be a display adapter for a 
display system comprising a display device for 

45 displaying rows and columns of picture elements 
each having a selected colour associated therewith. 
The multi-dimensional colour space can be a three- 
dimensional colour space with the three dimen- 
sions corresponding to the primary colours. 

so The data processing system can further com* 
prise a display device for displaying rows and 
columns of picture elements each having a se- 
lected colour associated therewith, a display driver 
for coupling selected colour points to the display 

55 device, and a processor means for selecting a 
colour point within the colour palette for each of the 
picture elements. 

According to another aspect of the invention 
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there is provided a method for operating a data 
processing system comprising the step of repre- 
senting a sampled multi-dimensional space at a 
plurality of sample points within the mufti-dimen- 
sional space such that the sample points are dis- 
posed in a hexagonal crystalline arrangement 

In a preferred form of this aspect of the inven- 
tion the step of representing the sampled multi- 
dimensional space at a plurality of sample points 
comprises the steps of: selecting a number of 
sample points; and distributing the selected num- 
ber of sample points in a hexagonal crystalline 
structure throughout the multi-dimensional space. 
In the case that the multi-dimensional space has 
multiple axes and boundaries, which may be irreg- 
ular, the step of distributing the selected number of 
sample points in a hexagonal crystalline structure 
throughout the multi-dimensional space advanta- 
geously comprises the steps of: selecting a mini- 
mum distance between any sample point within the 
multi-dimensional space and the closest sample 
point; selecting an axis; defining a surface normal 
to the selected axis; distributing sample points on 
the defined surface subject to the constraints that 
each sample point lies on or within the boundaries 
and that no two sample points lie closer together 
than the minimum distance; and altering the posi- 
tion of the defined surface Incrementally and re- 
peating the distributing step until the selected num- 
ber of sample points are distributed throughout the 
multi-dimensional space. 

The step of distributing the predetermined 
number of sample points in a hexagonal crystalline 
structure throughout the multi-dimensional space 
can comprise the step of distributing a selected 
number of sample points at the boundaries of t he 
miifti-f1imffin*rinnal spgrfj In the case where the 
sample points are colour sample points in a multi- 
dimensional colour space, this enables brilliant col- 
ours, located at the boundaries of the colour space, 
to be sampled. 

The step of selecting a minimum distance be- 
tween any point within the multi-dimensional space 
and the closest sample point can comprise the 
step of selecting a variable distance between any 
point within the multi-dimensional space and the 
closest sample point according to the position of 
the point within the multi-dimensional space and 
the direction of the closest sample point In the 
case where the sample points are colour sample 
points in a multi-dimensional colour space, this 
enables the non-linear perception of colours by the 
human eye to be taken into account in the distribu- 
tion of colours in a colour palette. 

The invention will be described In further detail 
below, with reference to the following figures, 
wherein: 

Figure 1 is a block diagram representation of 



a data processing system provided in accordance 
with the present invention; 

Figure 2 is a schematic illustration of the 
effect of uniformity of colour sample point distribu- 

5 tion In a colour palette; 

Figure 3 is a schematic representation of a 
three-dimensional colour palette; 

Figure 4A and 4B are schematic representa- 
tions of colour sample point distributions within a 

to two-dimensional colour palette in the manner of the 
prior art and the present invention, respectively, 

Figure 5 is a schematic representation of a 
three-dimensional distribution of colour sample 
points in accordance with the present invention; 

75 Figure 6A and 6B depict two methods of 

boundary treatment within a colour palette in accor- 
dance with the present invention; and 

Figure 7 depicts a schematic representation 
of a method for distributing colour sample points 

20 within a colour palette with irregular boundaries. 

With reference now to the figures and in par- 
ticular with reference to Figure 1 , there Is depicted 
a block diagram representation of a data process- 
ing system provided in accordance with the 

25 present Invention. It comprises a display system 
including a display device 10 which may be a 
colour monitor or other display device well known 
in the art Display device 10 preferably is utilised to 
generate a colour image by providing rows and 

30 columns of picture elements, each picture element 
having a particular colour associated therewith. 
Processor 12 is utilised to control the presentation 
of a colour Image via display device 10. Processor 
12 may be implemented utilising any standard digi* 

35 tal processor system capable of generating an im- 
age. For example, processor 12 may be provided 
by utilising a personal computer such as the Model 
PS/2 personal computer manufactured by Interna- 
tional Business Machines Corporation of Armonk, 

40 New York. 

Coupled between display 10 and processor 12 
is display driver 14. Display driver 14 is can be a 
graphics adapter card or other suitable device ca- 
pable of interfacing between processor 12 and dis- 

45 play 1 0 in a manner which is well known in the art 
Coupled to display driver 14 is colour palette 16. 
Colour palette 1 6 is preferably a three-dimensional 
colour palette in colour image display systems. 
Colour palette 16 is preferably resident within a 

so memory device associated with display driver 14 
and serves to store the universe of colour sample 
points which may be selected by display driver 14 
for utilisation within the rows and columns of pic- 
ture elements within display device 10. 

55 Referring now to Figure 2, there is depictBd a 
schematic illustration of the effect of uniformity of 
colou r, sample p oint dis tri bution In a display sy stem 
for generating colour images. Figure 2 depicts a 
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one-dimensional colour paJette which may be utilis- 
ed to illustrate that uniformity is a key measure of 
the efficiency of a colour palette. As is depicted, 
colour palette A, indicated at reference numeral 18 
and colour palette B, indicated at reference nu- 
meral 20, both possess the same number of colour 
sample points. However, for an arbitrary point with- 
in the palette the distance to a palette sample 
colour point is much more random for colour pal- 
ette B due to the non-uniform distribution of colour 
sample points within colour palette B. Graph 22 
represents a plot of the probability that a random 
colour is within a selected distance to a preexisting 
colour sample point within each palette. As may be 
seen, colour palette A contains a much higher 
probability that an arbitrary point which is specified 
will be within a smaller distance to an existing 
colour sample point. 

Those skilled in the art will appreciate that the 
worst-case distance between an arbitrary point and 
the nearest colour sample point within a palette has 
a direct effect upon the efficiency of a colour 
palette. The greater the worst-case distance be- 
tween an arbitrary point within the colour palette 
and a colour sample point the greater the "root 
mean square average" of the distance for the col- 
our palette. Or, stated another way, a palette hav- 
n Jr\g a g reater possible maximum distance between 
an arhjfr flT point fir/1 thR nftarfttf nn lnu r sample 



poi nt Is said to have greater "noise power ." It 
should be apparent that palette B is much less 
efficient for the same number of colour sample 
points than colour palette A. 

With reference now to Figure 3, there is de- 
picted a schematic representation of a three-di- 
mensional colour palette. As may be seen, the 
idealised colour palette indicated at reference nu- 
meral 24 Is a three-dimensional cubic palette which 
includes a primary colour associated with each 
major axes therein. That is, the blue colour is 
associated with axis 26, the red colour associated 
with axis 28 and the green colour associated with 
axis 30. By aligning a primary colour with each 
major axis within the cubic three-dimensional col- 
our palette the sample points which will be distrib- 
uted within colour palette 24 may be utilised to 
represent any colour within the universe repre- 
sented by the boundaries of colour palette 24. 

Referring now to Figures 4A and 4B, there are 
depicted schematic representations of colour sam- 
ple point distribution schemes within a pair of two- 
dimensional colour palettes which correspond to 
the known prior art method of colour point distribu- 
tion and the method of distribution disclosed in the 
present invention. 

Rgure 4A represents a Cartesian grid in two 
dimensions which is illustrative of the cubic Carte- 
sian grid utilised in three-dimensional colour pal- 



ettes by known computer colour display systems. 
As may be seen, the portion 32 of a prior art colour 
palette represented in Rgure 4A includes a plural- 
ity of colour sample points such as colour sample 

5 points 34, 38, 38 and 40, which are laid out in a 
Cartesian grid system. By assigning an arbitrary 
unit of separation between adjacent colour sample 
points of one, and by utilising simple geometry, it 
may be seen that the worst-case distance between 

to an arbitrary point within colour palette 32 and the 
nearest colour sample point will occur when the 
arbitrary point lies equidistant between colour sam- 
ple points 34, 36, 38 and 40. This distance may be 
calculated utilising the arbitrary dimensions setect- 

75 ed and is equal to one-half the square root of two, 
or approximately 0.707. 

Referring now to Fiqure 4B, there is depicted a 
partial representation of a colour palette 44 which 
includes a plurality of colour sample points which 

20 are distributed in the manner of the present inven- 
tion. As may be seen, the colour sample points 
within colour palette 44 are laid out in a hexagonal 
grid. That is, the colour sample points lorm a 
hexagon with an additional point located at the 

25 centre thereof. Examining the group of four colour 
sample points indicated at reference numerals 46, 
48, 50 and 52, simple geometry may be utilised 
again to determine the worst case distance be- 
tween an arbitrary point and the nearest colour 

30 sample point in the hexagonal grid. 

By assigning an arbitrary unit of separation 
between adjacent points in the hexagonal grid ol 
two units, it may be seen that the worst-case 
distance occurs when an arbitrary point 54 is lo- 
ss cated at the central point which is equidistant be- 
tween triangularly spaced colour sample points. 
This distance may be calculated for the arbitrary 
dimensions selected and is equal to two over the 
square root of three or approximately 1.15. 

40 Next, in order to fully appreciate the difference 
between the maximum worst-case separation dis- 
tance between an arbitrary point in each of the 
foregoing colour palettes and the nearest colour 
sample point, it is necessary to scale the dimen- 

45 sions which were utilised so as to achieve equal 
coverage of area within each colour palette with the 
same number of colour sample points. 

Referring again to Rgure 4A. it may be seen 
that the area between the four colour sample points 

so denoted at reference numerals 34, 36, 38 and 40 is 
equal to one square unit Similarly, in Figure 4B, 
the area between the colour sample points denoted 
at reference numerals 46, 48, 50 and 52 is equal to 
the base of the formed parallelogram times the 

55 height of the parallelogram. This is equal to two 
times the square root of three. 

Thus, the worst-case separation distance cal- 
culated with regard to Rgure 4B must be multiplied 
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by the factor one over the square root of the 
quantity two times the square root of three. As a 
result of this scaling, the maximum worst-case dis- 
tance calculated with respect to Figure 4B will be 
equal to approximately 0.53 times the 1.15 maxi- 
mum worst-case distance previously obtained. 
Thus, when scaling has been properly applied, the 
maximum worst-case distance for an equal number 
of colour sample points within the colour palette of 
4B is approximately 0.610, as opposed to 0.707 in 
the case of Figure 4A. Thus, when each palette is 
constructed with a density of one colour sample 
point per square unit the worst-case distance be- 
tween an arbitrary point and the nearest colour 
sample point in the Cartesian grid colour palette is 
14% greater than the worst-case distance between 
an arbitrary point and the nearest colour sample 
point in the hexagonal grid palette. 

Of course, the geometry is much more com- . 
plex in a three-dimensional space; however, the 
additional dimension gives 6ven greater benefit 
from the optimal packing which is obtainable utilis- 
ing a hexagonal grid. Calculations have indicated 
that the worst-case distance in a cubic Cartesian 
grid is approximately is approximately 26% greater 
than that which Is obtainable utilising a hexagonal 
crystalline grid in accordance with the method of 
the present invention. 

Those skilled in the mathematical arts will ap- 
preciate that in three dimensions the worst-case 
distance will vary as the cube root of the number of 
colours. For example, in a colour palette which 
includes a colour sample point located at every 
inch in a one foot cube, there will be 12*12*12 total 
colours. To allow the colour sample points to be 
twice as close, or spaced every half inch, there will 
now be 24"24"24 total colours. This decrease in 
colour spacing results In eight times as many col- 
ours. Thus, to make a cubic Cartesian grid colour 
palette equal to hexagonal crystalline structure 
packing would require 26% more colours along 
each dimension for a total of (1 .26) 3 or two times 
as many colours. Thus, a two hundred colour hex- 
agonal crystalline colour palette has the same 
worst-case distance as a four hundred colour col- 
our palette where the sample points are laid out on 
a cubic Cartesian grid. 

Still another method of measuring the quality of 
a colour palette is the number of directions in 
which the processor may travel from one colour to 
another colour. In a Cartesian cubic grid there are 
six closest colours for any given colour. The next 
six closest colours are 1.414 farther away than, the 
nearest six colours due to the cubic geometry 
involved. In a three-dimensional hexagonal crystal- 
line grid there are twelve closest colours, twice as 
many direction choices as will be available in a 
cubic Cartesian grid. 



Wfth reference now to Figure 5, there is de- 
picted a schematic representation of a three-di- 
mensional distribution of colour sample points in 
accordance with the method of the present inven- 

s tion. As may be seen, the portion of colour palette 
56 which is illustrated includes three separate re- 
presentations of colour, sample points. First, a 
group of hexagonalty distributed colour sample 
points 58 is' laid out in a manner substantially 

w identical to the distribution of colour sample points 
within Figure 4B. Next, a second group of hexag- 
onal grid colour sample points 60 is added after 
incrementing in the Z axis normal to the page and 
slightly shifted from colour sample points 58. Fi- 
rs nally, a third group of colour sample points 62 are 
added after shifting incrementally in the Z axis 
again. Thus, by laying out each group of colour 
sample points in a hexagonal grid and shifting the 
hexagonal grid in the manner disclosed for each 

20 displacement in the Z axis the colour palette is 
created in a hexagonal crystalline structure. The 
resultant three-dimensional figure created by the 
distribution of a plurality of colour sample points in 
a hexagonal crystalline structure is a twelve-sided 

25 figure known as dodecahedron. 

Referring now to Figures 6A and 6B there are 
depicted two methods of boundary treatment within 
a colour palette in accordance with the method of 
the present invention. As may be seen, each colour 

so sample point within Figures 6A and 6B is depicted 
as a sample point having a circular "shell" around 
it which represents the characterisation of that 
sample point as viewed by the human eye. In the 
three-dimensional example disclosed in Figures 6A 

35 and 6B the colour palettes each include boundaries 
denoted at reference numerals 64, 66 and 68. In 
one method of boundary treatment in accordance 
with the present invention the boundaries of the 
colour palette are treated like the shell of another 

40 colour. All space within the colour palette is then 
uniformly filled in the sense that no point is farther 
from the selected maximum allowable distance 
from a colour sample point 

However, because the boundaries of the colour 

45 palette are not explicitly populated .by colour sam- 
ple points, the brightest colours are missing. Error 
diffusion may be utilised to create any colour be- 
tween other colours by mixing; however, because 
the boundaries are not between colours the ulti- 

60 mate colour gamut is limited to the smaller region 
Indicated by boundaries 64', 66' and 88'. Despite 
the loss of the brightest dolours, the selection 
strategy depicted within Figure 6A for treatment of 
boundary conditions will include much less image 

55 noise due to the smaller maximum distance be- 
tween any point within the full colour gamut and 
the nearest colour sample point within the colour 
palette. 
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Referring now to Figure 6B, there is depicted a 
second method of boundary treatment within a 
colour palette in accordance with the method of the 
present invention. As may be seen in Figure 6B, 
the same number of colour sample points are utilis- 
ed, except in this case the colour sample points 
are distributed at or along colour palette bound- 
aries 64, 66, and 68. By locating colour sample 
points along each of the boundaries of the colour 
palette it will be possible to reproduce the brightest 
colours associated with those boundaries. 

However, it should be clear upon reference to 
Figures 6A and 6B that the larger size shell 76 
associated with a colour sample point 74 in Figure 
6B will mean that an image created utilising the 
colour palette depicted in Fiqure 6B will include 
much more image noise, due to the increased 
maximum distance between an arbitrary point with- 
in Figure 6B and the nearest colour sample point. 

Indeed, the boundary treatment method de- 
picted in Figure 6B would require almost three 
times as many colour sample points as the bound- 
ary treatment method disclosed in Figure 6A to 
achieve the same amount of image noise. The 
Applicants have discovered that the boundary treat- 
ment method disclosed in Figure 6B may still be 
utilised to populate the colour palette with the 
brightest possible colours in view of the fact that 
the hexagonal crystalline structure utilised in the 
cdlourpalette of the present invention results in a 
suhstantiaj noise in duction over previously know n 
cubicCaxtBsian distribution systems. 

Finally, with reference to Figure 7, there is 
picted a schematic representation of a method 
for distributing colour sample points within irregu- 
larly shaped colour space boundaries. While the 
previous discussion of colour palettes has utilised 
regularly shaped multi-dimensional structures to il- 
lustrate a colour palette, those skilled in the art will 
appreciate that the human eye is decidedly non- 
linear. Certain colours are visually perceived dif- 
ferently than other colours and a colour palette 
designed for utilisation in the real world will gen- 
erally not be regular. Thus, the schematic repre- 
sentation contained within Figure 7 includes three 
irregular boundaries 78, 80 and 82 which represent, 
in two dimensions, a portion of an irregular colour 
space. 

This colour space may comprise the YIQ or 
YUV colour spaces well known in the field of colour 
imagery. These colour spaces are chosen so that 
equal distances in the colour space correspond to 
equal changes in colour, as perceived by the hu- 
man eye. 

The irregular colour space depicted within Fig- 
ure 7 may still be populated with colour sample 
points in a hexagonal crystalline structure by apply- 
ing the following approach. The colour palette is 



first divided into a number of planes. These planes 
are depicted as horizontal lines in the two-dimen- 
sional illustration of Figure 7. The plane located at 
the lowest level within the colour palette is first 

5 examined to find a point within the colour palette 
where a colour sample point may be disposed. It 
should be noted that the implementation depicted 
in Figure 7 is much like the boundary treatment 
disclosed within Figure 6A, in that the shells repre- 

io senting the visual perception of each colour sample 
point are disposed entirely within the boundary 
conditions of the irregularly shaped colour space. 

After disposing a colour sample point at the 
lowest plane possible within the boundaries of the 

'5 colour palette, as many colour sample points as 
possible are located along that plane such that the 
shells representing the visual perception of each 
colour sample point do not overlap. When no addi- 
tional colour sample points may be located on that 

20 plane the plane is incremented and colour sample 
points are once again disposed along the next 
plane in a non-overlapping . manner. It should be 
appreciated upon reference to Figure 7 that despite 
the irregular nature of the colour palette depicted a 

25 plurality of colour sample points may be disposed 
therein in substantially a hexagonal pattern in a 
method which simulates crystal growth. Despite the 
irregularities forced upon the location of certain 
colour sample points by the irregular boundaries of 

30 the colour space, the vast majority of colour sam- 
ple points within the colour space will, if packed as 
tightly as possible, find themselves aligned in the 
hexagonal crystalline structure previously de- 
scribed. 

35 Despite the fact that the shell of each colour 
sample point is depicted throughout the foregoing 
specification as a perfectly spherical shell, those 
skilled in the visual colour arts will appreciate that 
the visual perception of colours will vary substart- 

40 tidily based upon the content of each colour sam- 
ple point. The NTSC standards for visual percep- 
tion are expressed in terms of Y, I. and Q where Y 
is the luminance channel, I is the warm-cool axis, 
and Q is the green-magenta axis. The luminance 

45 channel is the channel to which the eye is most 
sensitive and the green-magenta axis represents 
the colours to which the eye is least sensitive. 
Thus, the location of a colour sample point within 
the colour palette may result in a non-uniform 

so shape for the shell of each colour sample point 
based upon human visual perception. 

If, as explained above, the colour sample 
points in the colour palette are laid in a hexagonal 
crystalline structure in a colour space which has 

65 been warped so that equal distances within the 
colour space correspond to equal changes in col- 
our, as perceived by the human eye, then the 
perceived worst-case distance is minimized, as de- 



6 



11 



EP 0 404 398 A2 



12 



sired. This is equivalent to laying the colour sample 
points in a hexagonal crystalline structure in a 
linear colour space, wherein the shells of the colour 
sample points are non-uniform, based upon human 
visual perception. The concept disclosed herein is 
equally applicable whether one considers the col- 
our sample point shells to be uniform and the 
colour space warped or the colour sample point 
shells to be warped and the colour space uniform. 

Upon reference to the foregoing specification, 
those skilled in the art wilt appreciate that the 
placement of sample points within a multi-dimen- 
sional space will have application in areas other 
than image generation. For examples three-dimen- 
sional models of thermal conditions or stress con- 
ditions may also utilise this technique wherein the 
worst-case distance between an arbitrary point in a 
three-dimensional space and the nearest sample 
point may be minimized utilising a specified num- 
ber of sample points. 

There has been described a data processing 
system and a method of operation of the data 
processing system wherein a a display device is 
used for displaying rows and columns of picture 
elements, each picture element having a selected 
colour associated therewith. A predetermined num- 
ber of colour sample points are distributed through- 
out a colour palette in a hexagonal crystalline struc- 
ture wherein the worst-case distance between any 
point within the colour space and a colour sample 
point in the palette is minimized. A processor is 
then utilised to select a colour point from within the 
colour palette for each picture element within the 
display. In a preferred embodiment of the present 
invention a selected number of colour sample 
points are located at the vertices of the colour 
paiette in order to provide more brilliant colours. 

While the invention has been particularly 
shown and described with reference to a preferred 
embodiment, it will be understood by those skilled 
in the art that various changes may be made 
therein without departing from scope of the inven- 
tion. 



Claims 

1. A data processing system comprising means 
for representing a sampled multi dimensional 
space at a plurality of sample points within the 
multi-dimensional space characterised in that the 
sample points are disposed in a hexagonal cry- 
stalline arrangement. 

2. A data processing system as claimed in 
claim 1 wherein the multi-dimensional space has 
multiple axes and boundaries defining a volume, 
the data processing system comprising means for 
distributing the sample points within the volume for 



a predetermined worst-case distance between any 
arbitrary point within the multi-dimensional space 
and the closest sample point, the means for distrib- 
uting comprising: 
5 means for selecting an axis in the multi-dimen- 
sional space; 

means for defining a surface which is normal to the 
selected axis; 

means for calculating coordinate data for sample 
to points on the surface subject to the constraints that 
each sample point lies within the boundaries and 
that no two sample points lie closer together than a 
minimum distance, the minimum distance being 
functionally dependant on the predetermined worst- 
76 case distance; 

means for determining when no further points sat- 
isfying the constraints may be found on the sur- 
face; 

means for altering the position of the defined sur- 
20 face incrementally. 

3. A data processing system as claimed In 
claim 2 wherein the means for distributing further 
comprises means for constraining a predetermined 
number of the sampling points to be located at the 

25 boundaries of the volume. 

4. A data processing system as claimed In any 
preceding claim wherein the multi dimensional 
space is a multi-dimensional colour space and the 
sample points are colour sample points in a colour 

30 palette. 

5. A data processing system as claimed in 
claim 4 wherein the data processing system is a 
display adapter for a display system, the display 
system comprising a display device for displaying 

35 rows and columns of picture elements each having 
a selected colour associated therewith. 

6. A data processing system as claimed in 
claim 4 or claim 5 wherein the multi-dimensional 
colour space is a three-dimensional colour space. 

40 7. A data processing system as claimed in 
claim 6 wherein a primary colour is associated with 
each major axis of the three dimensional space. 

6. A data processing system as claimed in any 
of claims 4 to 7 comprising: 

45 a display device for displaying. rows and columns 
of picture elements each having a selected colour 
associated therewith; 

a display driver for coupling selected colour points 
to the display device, 
so 9. A data processing system as claimed in 
claim 7 wherein the display device comprises a 
colour monitor. 

10. A data processing system as claimed in 
any of claims 4 to 9 comprising processor means 

55 for selecting a colour point within the colour palette 
for each of the picture elements. 

11. A method for operating a data processing 
system comprising the step of representing a sam- 
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pled multi-dimensional space at a plurality of sam- 
ple points within the mufti-dimensional space such 
that the sample points are disposed in a hexagonal 
crystalline arrangement. 

12. A method as claimed in claim 11 wherein 5 
the step of representing the sampled multi-dimen- 
sional space at a plurality of sample points com- 
prises the steps of: 

selecting a number of sample points; and 
distributing the selected number of sample points w 
in a hexagonal crystalline structure throughout the 
multi-dimensional space. 

13. A method as claimed in claim 12 wherein 
the multi-dimensional space has multiple axes and 
boundaries and wherein the step of distributing the 15 
selected number of sample points in a hexagonal 
crystalline structure throughout the multi-dimen- 
sional space comprises the steps of: 

determining a minimum distance between any 
sample point within the multi-dimensional space 20 
and the closest sample point 
selecting an axis; 

defining a surface normal to the selected axis; 
distributing sample points on the defined surface 
subject to the constraints that each sample point 25 
lies on or wjthin the boundaries and that no two 
sample points lie closer together than the minimum 
distance; and 

altering the position of the defined surface incre- 
mentally and repeating the distributing step until 30 
the selected number of sample points are distrib- 
uted throughout the multi-dimensional space. 

14. A method as claimed in claim 13 wherein 
the step of distributing the predetermined number 

of sample points in a hexagonal crystalline struc- 35 
ture throughout the multi-dimensional space com- 
prises the step of distributing a selected number of 
sample points at the boundaries of the mufti-dimen- 
sional space. 

15. A method as claimed in claim 13 or claim 40 

14 wherein the step of determining a minimum 
distance between any sample point within the 
multi-dimensional space and the closest sample 
point comprises the step of determining a variable 
distance between any sample point within the 45 
multi-dimensional space' and the closest sample 
point according to the position of the sample point 
within the multi-dimensional space and the direc- 
tion of the closest sample point. 

16. A method as claimed in any of claims 11 to 50 

15 wherein the multi-dimensional space is a multi- 
dimensional colour space and the sample points 
are colour sample points in a colour palette. 
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